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In scoerdance with Article 2 of the basic sontract,
there are ferwarded herewith two {2) eopies of the Monthly
Progress Report for Desember, 1956 on Task “rder No. 2 of
RD«94. The report is dated 3nnunry 10, 1957, i
UNCLASSIFPIED. An additional copy is being helda in
by the project snginmeer for the use of your personnel w
at s loecation.

In connsetion with this monthly progress report,
the %olloling information is submitted:
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Total expenditures to 1l=30-56 $12,921
Outstanding commitments as of

11+30-56 None
Funds remaining as of 11l=30«56 *47,399
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Monthly Progress Report
December 1956

Task Order No. 2
Contract No. RD=94

|
\
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}The object of this project is to develop a nolse reduction
circulit suitable for use in separating speech intelligence from
a signal containing speech and noise when the speech intelligence
is masked by the noise. The proposed method ilnvolves a principle
which has been used successfully to improve the signal-to-noise
ratio in music reproducing or transmission systems . The system
used}for music contailns bandpass filters which pass frequencles
over a range of an octave or less. These filters are used at the
input and output of a non-linear element. The output of the
non=linear elements contain the fundamental, and also harmonics
and subharmonics of the fundamental. However, since the pass band
of the input and output bandpass filters is no greater than an
octa#e, the harmonics and subharmonics are not transmitted by the
system. The function of the non-linear element is to reject all
noise signals below a given amplitude or threshold level. The
thre#hold levels of the none-linear devices in each channel can be
adjuited so that, in the absence of desired signal, the noise is
rejected. When the desired signal is greater than the threshold
level the non-linear elements allow the composite signal to pass.
Thus, for passages of recorded music, when the music signal is below
the noise level in a given frequency channel, the channel is ine-
operative, and its output is eliminated from the total output.
Since the contribution of this channel to the total output would
have been only noise, the overall noise level is reduced. When the
music signal in a given channel is greater than the noise, the
chanﬂel conducts and allows the composite signal to pass. Thus a

chandel conducts only when the desired signal 1s greater than the
\

L

1. H. F. Olson, "Electronics", Dec. 1947.
i
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noisb, and rejects when noise alone is present.

In order to apply this method of noise reduction to speech,
when the wide band speech signal-to-noise ratio is very low, it

is necessary to find frequency regions in which there are times
when the speech amplitude is greater than the noise. Although the
long time average spectrum of speech is continuous, and similar in
shape to the spectrum of room noise,2 the short time spectrum of
various speech sounds contains regions of maximum energy called
speech formants3. The assumption that this method of noise reduc-
tion could be utilized for speech was based upon the belief that
it would be possible to find frequency regions in which the ampli-
tude of the speech formants would be greater than the nolse a sub-

stanFial part of the time.

' A study has been made to determine what bandwidths are required
in o#der to obtain speech formant amplitudes above the noise when
a wihe band speech sample is Just intelligible in nolse. It is
known that for noises with a continuous spectrum it is the noise
components in the immediate frequency region of the masked tone
whi contribute to the masking' . When a very narrow band of noise
is used to mask a pure tone, the masking increases as the bandwidth
is creased until a certailn bandwidth is reached. After this, as
the bandwidth is increased, the amount of masking remains constant.
This bandwidth at which the masking reaches a fixed value, is termed
the lcritical bandwidths. The critical bandwidth is a function of
freqbency. It 1s different when listening with one or two ears.
The lcritical bandwidth for two ears as a function of frequency 1is
shown by the upper curve of Figure 1. Measurements have been made

2. H. Fletcher, "Speech and Hearing on Communication", Van Nostrand
Co., Inc. NYC 1953 (see figures 61 and 70)

3. Opocito chape. 1

4. |L. L. Beranek, "The Design of Sgeech Communication Systems",
Proce. IBE’ vol. 35, pp.s 2, Sep . 1%7.

5. N. R. Freach and J. C. Steinberg, "Factors Governing the Ine
telligiblility of Speech Sounds", Jour. Acoust. Soc. Amer.
Vol.19, Jan. 1947 (see figure 7)
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using filters which were both narrower and wider than the critical
bandwidth. Both pure tones and speech mixed with continuous spec-
trum type noises have been studied. The results of this study
show\that, for the narrowest permissible bands which can be used

to pass speech formants, the number of times the speech formant
amplitude in a given band exceeds the noise is small. Also, in

these bands, the speech amplitude is never considerably greater than
the noise. Since very narrow bandwidths are required to reduce the
nois£ below the signal, the number of bands required to cover the
speech spectrum is quite large. There is no satisfactory way of
eval#ating the effect upon speech intelligence of small contributions
from many narrow bands without bulilding a many channeled circuit

and bvaluating it by mesking articulation measurements. From the
1nfo¥matian available from studying a few channels throughout the
speehh spectrum it seems possible that some improvement in intelli-
gibiﬁity can be effected, but this improvement may prove to be small.

| %In view of the fact that there 1s no convenient way to eval-

uate| the contributions of a few narrow band channels to speech
intelligibility, a complete multi-channel system will be developed
in order to determine the effectiveness of this method of improving
speech intelligibility in nolse. The system under development will
contain approximately 80 frequency channels in the frequency range
from 700 to 3200 cpse The bandwidths of these channels will be 3 db
narr?wer than the critical bands. The bandwidths of these channels
as a}function of frequency are shown by the lower curve of Figure 1.

' During December an evaluation of an experimental eight channel
noise reduction chassis was completed. This chassis was built in
order to determine the frequency stability, threshold stability
and uniformity of operation of several channels operating together.
It w#s found necessary to improve both the frequency stability
and the threshold stability of the channels. The frequency drift
of the channels has been reduced to less than 0.1% over a period
of several days. The threshold drift has been reduced to less than
0.5 db over a period of several days.
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' The frequency stability was improved by using low temperature
coefficient polystyrene capacitors in the frequency selecting cir-
cuits of each channel. The threshold stability was improved by
changing the individual channel design from a direct coupled cir-
cuit to a capacity coupled circuit. The new channel circuit is
sh in figure 2. This requires the addition of one diode and
one capacitor per channel, but it is felt that the improvement in
threshold stability well warrants the added components.

}It has been mentioned previously that the diode non-linear
elem%nts are not perfect switches. For this reason each dlode will
allo? some noise to leak through. When a number of these circuits
are operating in parallel the noise leakage from each channel adds
to the total output noise on a power basis so that 10 channels
added together raise the output noise level 10 db. This has the
effect of lowering the output signal to noise ratio by 10 db. 1In
order to ralse the signal to nolse ratio a second non-linear
elem#nt has been added to operate on the combined signal from
10 channels. That is the total output from each 10 channels will

be passed through a second non-linear element so that the noise,
in the absence of signal, will be greatly reduced.

| Components for a 10 channel chassis have been ordered. The
design of this chassis 1s in progress. Eight of these chassis will
be built to form the eighty channel noise reduction circuit.

|
|
|
ESR:nan
January 10, 1957
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